Introduction
Current trends in the design of new materials put great emphasis on the development of all kinds of composite materials and highly porous. Such materials with much lower densities exhibit good and sometimes even better mechanical properties than the native material. Large growth was recorded in the field of highly porous materials, which in their structure have a cavity filled with gas. These structures are often referred foams, and formed from different types of materials from the group of metals, polymers and ceramics. Foamed metals, also called metal plans are pure metals or alloys that have in their structure a significant amount of intentionally introduced gas bubbles. The volume of the pores in the metal foam spans between 40% and 90%, but also more common foam having the pores in its structure [1] [2] [3] .
Foamed metals have various kinds of pores can be sealed, or each void is a separate component and can't be combined with others and the pores open, which they are connected to other voids, or the entire structure has the form of a beam, wherein each gas bubble combined and all neighboring base material takes the form of metal fibers connecting the foam structure. Gases used primarily air, but also other uses, especially when the foamed metal is reactive with air, which could cause corrosion and degradation of the structure. It is used as foam metal of a different type of material such as copper, nickel, zinc, lead, molybdenum, rhenium, stainless steel, tin and titanium, and alloys such as nickel-iron, nickel and copper, nickel and chromium, tungsten, and nickel and of iron, nickel and chromium. Currently it is used for foaming in wide use of the most popular serial or a structural material which is solid, except for stainless steel, this is due to the flammability of the liquid steel in contact with oxygen and ease of corrosion of the material. The foamed metals where the walls are very thin bubbles through which corrosion is very dangerous, because it can rapidly destroy the cell structure and completely destroy the entire structure of the material. So to create the foam and prevent its destruction would be used in the process of its production as a cover and fill the pores of the inert gases, which affects a significant increase in the price of a material and causes that do not produce such a structure [2] [3] [4] .
Currently expanded metal is used mainly as components of a vibration damping or impact-absorbing casing. This is due to the high energy absorption property of the metal foam, many times larger than the native material [1, 5] (Fig. 1) .
A very interesting feature of metal foams is their property of absorbing high energy, thanks to the properties used in various types of packaging for impact protection as vibration isolators -in many types of machine tools and other equipment and sometimes even the same components. An example of such use of a metal foam may be a new type of gears into which the elements of expanded metal between the hub and the ring gear which reduces the noise throughout the transmission, and reduces the impact of the teeth themselves and the weight of the mix (Fig. 2, [6, 7] ). Increasingly used also in this property foams in automotive, wherein the foam metal used to reinforce the hollow profile in the design of safe crumple zones. Crumple zones safe are responsible for absorbing the energy created during impact. [7] In addition to building components to protect against explosions it is also used as a refractory elements protecting load-bearing elements or at risk of ignition from the possibility of ignition and damage caused by the impact of an open flame. They are also used as components of heatconductive or insulating, depending on what is their density and the material from which they are made. Using foam cop-per, we can get good conductive elements at very high savings expensive material which is copper, and the way to reduce the weight of components (Fig. 3, [8] ). They are used also in the shipping industry as a lightweight materials to improve buoyancy and floatability all kinds of watercraft. Fig. 3 The conductive copper foam [8] In view of their high porosity and a highly developed surface, closely linked to their porosity or internal relative density and cell type, they are frequently used as catalysts and filters in a wide range of different types of chemical reactions. As that in this branch of the application is important to the ability to pass through a foam of various kinds of gases and liquids used herein open-cell foam.
Because that they exhibit absorption and conduction are rarely used as supporting structures. This is influenced by their relatively low strength due to very low relative density. Low density makes the cell walls inside are very thin and irregularly distributed in the structure by which quickly destroyed or weakened.
In the paper multi-scale modeling of the foamed metal structures using numerical homogenization algorithm is prescribed. The first, numerical model of heterogeneous porous simplified structures of typical foamed metal, based on the FEM was built. Next, a micro RVE model representing elementary volume of macroscopic model was constructed. Material parameters of the considered structure were determined with use of numerical homogenization algorithm. In the work the different RVE models of structure were created and their properties were compared at different relative density, different numbers and the size and structure of the arrangement of voids.
The main goal of the work was to test how changes in the geometric parameters influence on changing the mechanical parameters of structures, mainly material parameters. It can be useful in modeling new materials with expected material parameters.
Numerical homogenization
Numerical homogenization is mainly for calculating the variables defining the status and parameters of the microstructure in such a way that by using these variables can be modelled macrostructure materials in such a way as if it was made of homogeneous material, a phenomenon occurring in the microstructure which affect the macrostructure are represented by the calculated variables [9, 10] . The advantages of this method are:
• no need putting requirements in relation to assumptions of constitutive centre macroscopic;
• allows the consideration of large deformations in both micro and macro;
• makes it possible to use any of the techniques of numerical calculation in both scales;
• the ability to modify the micro to the macro level of analysis;
• the possibility of using the issues of dynamic and non-linear.
The models with which to model and explore the structure of the micro call RVE (representative volume element). RVE models should represent the micro-structure to the extent possible to identify the properties of the medium in composition. It is important RVE small enough to make it simple as possible so that we can carry out its detailed analysis, yet large enough to be able to represent the microscopic structure of the tested structure. If the model structure is homogeneous typically comprise a so-called unit cell, or RVE model that has only one inclusion, in this case the void.
Basically there are three types of approaches to the use RVE:
• Adoption of a constitutive law at the macro level, averaging material parameters.
• Adoption of a constitutive law at the macro level, testing of material parameters.
• No explicit constitutive law at the macro level, testing of material parameters and calculating the actual stress tensor and effective tangential material parameters.
The simplest approach is the aforementioned averaging material parameters, the computation of a tensor, the average material constants. This may be the arithmetic mean or harmonic mean. The values determined by these methods often vary considerably and are a lower bound and upper tensor properties of the material. This method has a low accuracy which is caused by the fact that it does not take the shape of inclusions, and in this case the air bubbles, that is, we assume that our material is completely isotropic. This approach is sufficiently accurate only in the case of calculation of the inertia, as well modelled averaging the values of these parameters.
Another approach is a numerical testing of material parameters. In this case, we determine the components of the tensor material parameters on the basis of the selected element RVE load cases. Apply the burden of stress or strain without regard to volume forces, in the case of 3D element it is necessary to perform six samples corresponding to the six component tensor material parameters. These attempts, for example, deformation in three main directions x, y and z in the absence of other loads, and also in the tangential direction of the three components YZ, XZ and XY whereas searched tensor is symmetric. This method in compared with the previous one takes into account the internal structure and anisotropic properties of the structure. That is necessary when the inclusions in the material are irregularly spaced.
The study used precisely this method in numerical terms. The methodology is the same as in the classic approach, which is performed six studies with six different boundary conditions, and then averages the strain and stress in a model using the following equations:
where < εij >, < σij > is averaged strain and stress at macro scale respectively; VRVE is volume of RVE element. Next when these values < εij >, < σij > are designated we substitute them into a matrix in Eq. (3) and then it is possible to calculate elasticity matrix C of equivalent homogenous material using the matrix Eq. (4). 
It is important that homogenization process is possible only if the scale separation condition is satisfied (5):
where l is characteristic dimension for the scale of heterogeneity; L is characteristic dimension for the scale of homogeneity.
In case of periodic structures, periodic boundary condition should be used. Periodic boundary displacement u (6) and anti-periodic boundary traction t (7) should be enforced on the opposite boundaries of the RVE model:
Using numerical homogenization it is possible to model regular and irregular (stochastic) RVE elements (Fig. 4) . a b Fig. 4 RVE elements a -regular; b -irregular (stochastic)
Models and results
Using FEM the simplified models of foam metal structures were prepared. Here, the MSC.Software system was used. In RVE elements the size of voids, the number of voids (density) and position were changed. As a basic material assumed pure aluminium (Young modulus E = 69 GPa, Poisson ratio ν = 0.33).
Each RVE element was modelled as a cube measuring 5 × 5 × 5 mm. The simplest element had one void with a radius of 2.25 mm centrally positioned (Fig. 5) Table 1 .
In the next step the boundary conditions were applied. Asked displacement values are chosen so that the value of deformation models was ε = 0.01 and displacement in all directions were u = 0.05 mm. RVE models that use the boundary conditions in the deformation, it is necessary averaging strains.
For each model were carried out six analyzes corresponding to the six types of boundary conditions. As a result of the analysis is obtained value of the stresses and strains per each item. This allows you to determine the value of the integral (1) and (2) numerically, that is to be summed generated by the program values for each item and then these values divided by the volume. As a result of this operation matrix medium stress and strain are obtained and then using the formula (4) the elasticity matrix of defined materials can be determined. Obtained results for regular RVE models are shown in Tables 2-6 and for irregular RVE models in Tables 7-9. Positions of material coefficients correspond to matrix C in Eq. (3).
We can observed that for regular RVE models that system of elasticity matrix tends to the isotropic structure.
The more voids that convergence is improved. For irregular RVE models designated elasticity matrix is full and asymmetrical.
The number, size and location of the voids significantly affects on the shape of the elasticity matrix and value of designated coefficients. 
Discussion and conclusions
In the literature one can find works using numerical homogenization of the bone scaffold structures [11] , of materials with internal cracks [12] . However, most studies have been associated with the analysis of composite with inclusions of various size, number and arrangement relating to the different types of matrix material and the inclusions [13] . Most of this works was based on homogenization of the RVE 2D models.
In this study developed 3D model of RVE elements and the coefficients of elasticity matrix were determined for different number and size of voids and their various positions. It means that influence of geometrical features on material parameters was tested.
It can be observed that if the inclusions grid is regular then density primarily influence on coefficient of elasticity matrix C. However changing the size of inclusions in some plane or direction we have impact on the form of matrix C, which gives us to understand that if we will skillfully control the composite geometry we will be able to model its mechanical parameters.
In further studies, the results (material constants) will be used to develop and stress analysis of complex systems containing elements made of foamed metal type structures. This should result in significantly shorten the time of calculation.
